Self-incompatible cacao clones were observed to out-yield self-compatible clones in a 20-year trial.
Introduction
The cacao tree, Theobroma cacao, which is a major cash crop in the west of Africa and Brazil, has received little in the way of serious plant breeding (Warren & Kennedy, 1991) and few qualitative agronomic traits are known in cacao (Warren, 1992) . Although genetic markers are available (Wilde et a!., 1992) , none has been demonstrated to be linked in inheritance to agronomic traits. Knowledge of the linkage relationships between isozyme loci and qualitative trait loci would be especially useful to breeders of tree crops where field trials are long-term and expensive.
The three unlinked loci controlling compatibility in cacao have been known for 30 years (Knight & Rodgers, 1955; Cope, 1962) . Self-compatibility is recessive at all three of these loci, which are designated A, B and S. Genotypes homozygous recessive at one or more of these loci are self-compatible. Although the majority of cultivated cacao trees are self-compatible, the influence of the trait upon yield remains unclear.
No easy way of screening for self-compatibility exists other than growing the tree to maturity and manually selfing bagged flowers.
The objective of this study was to establish the influence of compatibility type upon yield in cacao and then to seek isozyme markers linked to the trait.
Materials and methods

Clonal field trial
In incompatible trees produced slightly more mature pods than the self-compatible trees, the difference was nonsignificant because of a large tree-to-tree variance (F1,143 = 0.23, P> 0.05). Interestingly, the self-compatible trees set three times more pods than did the incompatible trees (F1,143 =78.11, P <0.001). These pods, which may represent a potential for increased yield, never reached maturity as they were aborted, a physiological phenomenon known to the cacao farmer as cherelle wilt (Fig. 2) . The observed difference in flower-set between the compatibility types is similar to that reported between related selfing and outcrossing species (Soibrig & Rollins, 1977) . This is perhaps not 0.8 0.6 bagged flowers per tree. Ten trees failed to flower so their compatibility type was not determined. The number of pods per tree was recorded on three occasions in 1992, first in May following pod-set, secondly in July at mid-development and finally at maturity in October.
Electrophoresis
Starch gel electrophoresis was carried out using the method of Lanaud (1987) as modified by Warren (1994) . Thirty-seven self-compatible and 35 selfincompatible trees were selected at random from the Mount St Benedict estate. This population was selected for analysis because we had previously established that it was derived from a single cross segregating for selfcompatibility at a single locus (either the A or B locus) while the other two compatibility loci remained fixed for incompatibility (Kalai, unpublished). The ratio of 75 self-compatible trees to 70 self-incompatible trees in the plantation fits a 1:1 ratio (x=O.i72 P = 0.7-0.5) expected for a Aa X aa cross (where a = self-compatible allele). Other Mendelian ratios, not presented here (Kalai, unpublished), also confirm that the plantation represents a segregating progeny. Since self-compatibility is recessive in cacao, all the incompatible trees in the population should be heterozygous for the trait.
For each tree young, flushing leaves were assayed electrophoretically for three enzymes: acid phosphatase (ACP), isocitrate dehydrogenase (IDH) and malate dehydrogenase (MDH).
Results and discussion
The 20-year trial
The mean annual dry bean yields were plotted for both the 31 self-compatible and the 47 self-incompatible clones of the first trial (Fig. 1) . 1\venty years of field data demonstrate that the self-incompatible clones outyielded the self-compatible ones in all but a single year in the production of dry beans. The mean dry weight production of beans over the entire period was 21.44 kg for the self-incompatible clones and 17.03 kg for the self-compatible clones. The analysis of variance of these data shows that the self-incompatible clones produced a significantly greater dry bean yield than did the self-compatible clones (F1,76 10.71, P = 0.01-0.001).
Mount St Benedict material
The mean numbers of pods per tree for both compatibility types (Fig. 2) show that although the self- self-compatible trees. a = Self-incompatible, S = selfcompatible.
Pod-set Mid-season surprising since the self-compatible trees, although dependent upon insects for pollination, are not reliant upon their tree-to-tree movement.
Only a single locus was recorded for each of the three enzymes. Although MDH is controlled by three loci (Lanaud, 1987) only the slowest migrating of these (Mdh-1) was recorded. The three enzymes are all dimeric and multiple alleles have been described for all loci (Warren, 1994 was found between the Md/i-i alleles and compatibility type (x = 0.859, P = 0.5-0.3). Not surprisingly, the Acp and id/i alleles were also found to segregate nonindependently ( = 7.802, P = 0.01-0.001).
Since the individuals scored are full-sibs of a family equivalent to a backcross, the recombination frequency between these markers may be estimated by dividing the number of observed recombinants by the total (72). This method estimates that the recombination frequencies (±SE) are 32. 5±5.7, 15.3±4.2 and 33.3±5.6 between the compatibility locus and Acp, the compatibility locus and Id/i and between the two enzyme loci, respectively. This suggests that the order of the loci is A or B -id/i -Acp. Thus, in the Mount St Benedict estate isozyme genotype can be used as a predictor of self-compatibility, higher pod set and possibly longterm decreased yield. However, in other crosses selfcompatibility may be controlled by the other two compatibility loci (or by any combination of the three loci) and additional genetic markers will be required.
